completed by individual linkage with the Central Population Register and with the Cause-of-Death Register. The data quality of the MBR is high for most variables. 17 The 1987 MBR contains information on 60 254 newborns. We traced 60 192 children up to age 7 years, and thus, we had no information on 62 children (0.1% of the cohort). Perinatal deaths (N = 327 stillbirths and 193 early neonatal deaths) were excluded.
Perinatal information was not available for 828 newborns surviving the perinatal period (1.4%), and this group was analysed separately. The methods have been described in detail earlier. 18 For the follow-up, by using children's personal identification number, the following information was combined to MBR: (1) deaths and emigrations (data source: Central Population Register), (2) causes of death (Cause-of-Death Register), (3) information on all children who had received any child care support due to a long-term illness or condition causing extra costs or burden for the family (Statistical Databases for Care Support), (4) long-term medication (Statistical Database for Preferential Refunded Medicines), (5) hospitalizations (Hospital Discharge Register) and (6) information on intellectually disabled children (18 regional registers). Data on delayed school entry and the type of education at age 9 was collected from the school administration in the 38 municipalities of the southernmost county of Finland (Uusimaa), where 26% (N = 14 686) of the children were living. The children who had permanently emigrated from Finland (N = 287) or died (N = 247 after early neonatal period) were included in the analysis until the event. 18 Newborns' perinatal health was measured by variables available from the MBR: birthweight, gestational age, 1-min and 5-min Apgar scores, gestational age adjusted birthweight (SGA = small for gestational age Ͻ-2SD of the mean birthweight for gestational age, AGA = appropriate for gestation age ±2SD and LGA = large for gestational age Ͼ+2SD), newborns' diagnosis before age 7 days and ponderal index (weight/length 3 , analysed as a binary variable: low values including the lowest quintile, and other values).
A perinatal health index was created by using the following scoring: (1) birthweight у2500 g = 0, 1500-2499 g = 1, р1499 g = 2; (2) gestational age у37 weeks = 0, 30-36 weeks = 1, р29 weeks = 2; (3) 5-min Apgar score 7-10 = 0, 4-6 = 1, 0-3 = 2; (4) birthweight by gestational age AGA or LGA = 0, SGA = 1; and (5) no perinatal diagnosis or unharmful diagnoses only (e.g. common infections or minor congenital malformations) = 0, diseases and conditions which may be harmful in long-term (e.g. asphyxia and birth traumas) = 1, and harmful diseases and conditions which most likely will cause problems for subsequent health (e.g. major heart disease and major malformations like hydrocephalus) = 2.
In total, 827 different ICD-9 codes were given to 63 840 newborns in the MBR. Of these 56 were in fact mothers' codes (given 108 times) and 44 were non-existent codes (given 53 times). These incorrect codes were all excluded in the analyses.
The maximum value of these five variables was defined as the final perinatal health index: PI = a healthy newborn (maximum score 0), PII = a newborn with some perinatal problem(s) which do not necessarily affect the subsequent health (1) and PIII = a newborn with severe perinatal problem(s) causing a major risk for subsequent health (2) . The children's subsequent health was measured using the following health indicators: (1) mortality after 7 days up to 7 years; mortality rates were calculated both including and excluding the 39 accidental and violent deaths (5.1% of all deaths), (2) cumulative disease index, (3) cumulative incidence of intellectual disability (ICD-9 codes 315, 317-319), asthma (493), diabetes (250) and epilepsy (345), (4) children receiving care support, (5) children taking long-term medication, and (6) children receiving special education (either postponed school entry, or attendance in a special class or school).
The cumulative disease index was created using all available register data excluding MBR data. The index was based on the severity and duration of the diseases for the period starting from the end of the perinatal period until age 7 years. The diseases identified as ICD-9 diagnoses were classified into three categories according to their severity: (A) short-term curable disease or condition (e.g. common infection or minor harmless malformation), (B) a disease or condition which most often is curable, but which usually needs hospitalization or long-term medication (e.g. asthma, meningitis or delayed development), (C) long-term and/or severe disease or condition always requiring long-term or permanent medication and/or hospitalization (e.g. diabetes or cancer).
Children were then assigned to one of the following three classes by using the rules given in the Table 1 as criteria: CI = a healthy child, CII = a child with some reported disease or condition which is harmful but not long-term or severe, CIII = a child with at least one reported long-term or severe disease or condition, referred to hereafter as long-term morbidity.
If the child had problems in more than one class, the most serious alternative was chosen to determine the final class.
Statistical tests were performed by using Student's t-test and χ 2 -tests, when appropriate. Odds ratios (OR) with 95% confidence intervals (CI) were calculated for risk of poor perinatal CHILDHOOD AND PERINATAL HEALTH 277 b CI = a healthy child, CII = a child with some reported disease or condition which is harmful but not long-term or severe, CIII = a child with at least one reported long-term or severe disease or condition. c Excluding milk or soya protein allergies (CI).
health by using the group with the poorest outcome as the reference.
The value of different perinatal health indicators in predicting childhood health was calculated using sensitivity (the proportion of children who had poor perinatal outcome among all children with long-term morbidity), specificity (the proportion of children who did not have poor perinatal outcome among all children with no long-term morbidity in childhood), positive predictive value (the proportion of children with long-term morbidity in childhood among all children with poor perinatal outcome) and negative predictive value (the proportion of children with no long-term morbidity in childhood among all children who did not have poor perinatal outcome).
Results
In Table 2 , the ten most common diseases and conditions causing long-term morbidity are shown. In total, 3312 children had these causes representing three out of five children with longterm morbidity.
The connection between poor perinatal health and subsequent mortality and morbidity was clear ( Table 3 ). The largest mortality differences between the different groups of perinatal exposure were found for gestational age (22-27 weeks versus 37-44 weeks; OR = 50, 95% CI : 36-69), for birthweight (Ͻ1500 g versus 2500-6500 g; OR = 35, 95% CI : 23-51) and for 5-min Apgar scores (0-3 versus 7-10; OR = 33, 95% CI : 17-62). Excluding accidental deaths did not change these relative differences.
The total incidence of long-term morbidity was 22 times more common than mortality ( Table 3 ). The best perinatal indicators for predicting subsequent health were the same as for mortality, but the OR were considerably smaller: gestational age (22-27 weeks versus 37-44 weeks; OR = 6.5, 95% CI : 5.4-7.9) birthweight (Ͻ1500 g versus 2500-6500 g; OR = 5.4, 95% CI : 4.4-6.6), and 5-min Apgar score (0-6 versus 7-10; OR = 4.6, 95% CI : 3.2-6.7).
The cross-tabulation of the perinatal health index and the cumulative disease index shows that perinatal health predicted childhood health correctly for 79% of children ( Table 4 ). In total, 90% of the children were healthy in the perinatal period, 84% of children were healthy in childhood and 77% were healthy at both times. The prediction turned out to be more precise for healthy children (classes PI and CI). Of the 53 820 children who had been healthy during the perinatal period, 85% were healthy in childhood. Conversely, 91% of 50 184 children who were healthy in childhood were also healthy in the perinatal period ( Table 4) . a All differences statistically significant (P Ͻ 0.001).
b Score CIII in the cumulative disease index.
c SGA = small for gestational age, AGA = appropriate for gestational age,
LGA = large for gestational age.
The prediction for children with poor health was not possible: 79% of the 4272 children with minor perinatal health problems (class PII) and 60% of the 752 children with major perinatal health problems (PIII), were healthy in childhood (CI). Similarly, 89% of the 4006 children with minor long-term disease or condition in childhood (CII), and 84% of the 5482 children with major long-term disease(s) or condition(s) (CIII) had been healthy in the perinatal period (PI) ( Table 3) .
The usefulness of single perinatal indicators in predicting the cumulative disease index was also studied, and the results were similar to those of the perinatal health index (data not shown). The only exception was found for 5-min Apgar score, for which 17.3% of children had missing data, while the same proportion varied between 1.4% and 1.8% for other variables.
A summary of the connection between the perinatal health index and different childhood health indicators is given in Table 5 . Perinatal health and subsequent health were clearly correlated: P-value = Ͻ0.001 for all indicators but diabetes (P = 0.012). However, low values were received for sensitivity (12-37%) and the positive predictive value (1-16%) of the perinatal health index. Better values were found for specificity (91-92%) and for negative predictive value (91-99.7%).
Discussion
A clear association between poor perinatal and poor subsequent health was found. The best individual predictors were gestational age and birthweight. However, their value as predictors was poor, since low sensitivity and positive predictive values were found for all childhood health indicators. The same was true for the perinatal health index, which was created using five different health variables. For example, three out of four children with perinatal health problems were healthy in childhood, and almost nine out of ten children with some long-term or severe disease or condition had been healthy in the perinatal period. This questions the value of perinatal health data in predicting subsequent morbidity. However, the accuracy was better when predicting health, i.e. for those children who did not have any reported health problem. The proportion of children with long-term morbidity is much higher than the childhood mortality rate. This suggests that monitoring mortality figures only may give an incorrect picture of children's health and a faulty assessment of health care technology. This stresses the importance of developing morbidity indicators further, and using them in evaluating care.
A recent hypothesis suggests that some diseases in adulthood have their origin in utero or in the early infancy period. 19, 20 However, this theory of prenatal programming has been criticized. [21] [22] [23] Our data did not support the hypothesis of prenatal programming. Both SGA and the ponderal index, which have been used in several studies testing hypotheses about prenatal programming, 20 were poor predictors. Most of the predictable health problems in childhood were connected with prematurity leading to an increased risk for, e.g. respiratory problems and intellectual disability. Our finding may have been caused by the fact that no health differences connected with prenatal programming exist in childhood, or that the existing health CHILDHOOD AND PERINATAL HEALTH 279 problems were not caught by the indicators available from registers. Our data were based on routinely collected health registers, and data on a whole year's cohort in one country were used. Our results showed that the use of health registers and data linkage is a powerful method for gathering information on large birth cohorts, and for monitoring their health at birth and after it. In addition, because the data are routinely collected, the extra costs incurred in its use in epidemiological research are small. However, the number of available variables in the register data is limited, which restricts its utilization.
The usefulness of such a data collection system depends heavily on the data quality and completeness of the registers, which have been proven to be good for most of the registers used in this study. 22 The incidence of some diagnoses, diseases or handicaps, such as intellectual disability, may be underestimated in our data, 18 and some erroneous diagnoses were found in the registers. In general, however, the Finnish health registers have been reported to have a high coverage and at least 95% of the content of the registers is in accord with medical records. 17, 24, 25 The health registers are an excellent source for studying the connection of health in early childhood and subsequent health. With such large databases, some methodological problems 6 connected with many long-term follow-up studies may be avoided: the sample size will cause less problems, and the use of population-based registers reduces selection bias. In addition, the possibility of getting detailed and unbiased background information on confounding variables through data linkage increases the potential use of health registers, and even a 'lifecourse' approach may be possible. 26 Furthermore, outcome variables other than mortality can be studied. A prerequisite for these kinds of studies is the general possibility of performing data linkage studies. Increased collection of detailed register data and improvements in legislation and encrypting technology facilitate register-based long-term follow-up studies on children's health. 18 
